Abstract: A multifunctional nanoparticle, Super Paramagnetic Iron Oxide Nanoparticle-Carbon Dots (SPION-CDs), for fluorescence and magnetic resonance imaging is introduced. This nanoparticle possesses the magnetic properties of super-paramagnetic iron oxide (SPION) core as well as the fluorescence characteristics of carbon dots (CDs) coated in mesoporous structure. The SPION-CDs were synthesized using a high temperature facile single-pot hydrothermal method. The products were characterized by transmission electron microscopy (TEM), dynamic light scattering (DLS), X-ray diffraction (XRD), UV/vis absorption, vibrating sample magnetometer (VSM). The cytotoxic effect of SPION-CDs on OVCAR-3 cells was also evaluated. The synthesized nanoparticle possesses optimal size, low toxicity and excellent magnetic properties, including super-paramagnetic behavior (Ms = 42 emu g in the viewpoint of optical properties, the quantum yield of ∼2.4% was obtained and the nanoparticle shows good fluorescence stability for cell-labeling studies. This multifunctional nanoparticle with appropriate characterization is a promising candidate for multimodal fluorescence/magnetic resonance imaging platform.
Introduction
Magnetic resonance imaging (MRI) and fluorescence imaging (FI) are two common modalities used in clinical diagnostic practice. MRI is a non-invasive imaging modality with high spatial and temporal resolution, but its sensitivity is rather low. 1 In contrast, FI is the most versatile modality used in real-time imaging, localization of tumors and metastases and monitoring of various biological progression or regression with high sensitivity at the molecular level. However, because of limited penetration and increased absorption of light by the surrounding tissue, it has relatively poor spatial resolution compared to anatomical imaging. 2 Recently, biomedical imaging with multifunctional nanoparticles such as multimodal MRI/FI nanoprobes has attracted a great deal of attention due to increased accuracy in diagnosis by providing highresolution 3D and high-sensitive functional images. 3 Because of advanced imaging properties of nanomaterial-based imaging agents, a number of representative nanomaterials with a single imaging modality are used in research and clinical practice. Quantum dots (QDs), generally semiconductor nanocrystals, have attracted increasing interest in biomedical researching fields in recent years due to good fluorescent property. 4 Carbonbased nanoparticles, especially carbon dots (CDs) with similar optical properties with quantum dots have recently received much attention in the field of fluorescence imaging. 5 CDs disperse well in water and usually show optical absorption band around 260-320 nm. Carbon dots have also been found to be nontoxic and biocompatible which are suitable for biological systems. Other advantages include rapid cellular uptake, high fluorescence brightness, excellent water solubility and high photo-stability. 4, 6 Iron-oxide nanoparticles (Fe 3 O 4 or γ-Fe 2 O 3 ) are the most prominent negative contrast agents that are widely used in MRI for their biocompatible nature because of cell iron metabolism pathways and strong effects on T 2 and T 2 * relaxation. 
Results and Discussion
In the present study, multifunctional magnetic and fluorescent nanoparticles were prepared based on a high temperature facile single-pot hydrothermal method. According to the synthesis method, CDs were assembled on the surface of the mesoporous structure of SPIONs. The morphology and structure characterization of synthesized NP is shown in Size of nanoparticles can influence their cellular uptake, as studied by Chithrani et al. 9 They synthesized nanoparticles of 1-100 nm diameter range and reported 50 nm as the optimal size for maximum cell uptake. Therefore, it is concluded that SPION-CDs can potentially be used for drug delivery, due to the porous structure and optimal particle size. phase. In these diffraction patterns, no trace of the reactants and byproducts, i.e. FeCl 3 , NaOH, NaCl and so on, can be seen. As shown in peaks. [10] [11] Moreover, the crystallite size was calculated ~22 nm using the To investigate the multimodal FI/MRI application potential of this nanoparticle, the optical characteristics of SPION-CDs were studied. Figure   3 shows the photoluminescent (PL) emission and excitation spectra of the SPION-CDs. These nanoparticles demonstrated PL properties, including excitation spectra with a maximum peak at 350 nm and emission spectra around 450 nm. Excellent PL properties, including broad excitation spectra and symmetric emission spectra, are ideal for multicolor probes and enable us to select the excitation wavelength from a broad excitation spectrum.
Therefore, it is straightforward to separate excitation and emission spectra of CDs in comparison with organic dyes which have narrow absorption and asymmetric emission spectra. Quantum yield (QY), defined as the ratio of the number of emitted photons to the number of absorbed photons per time unit, is a significant parameter to characterize PL. 13 The QY of the SPION-CDs was estimated to be 2.4%. A value of QY, over the range of 1 to 5%, is sufficient for celllabeling studies. The magnetic properties of the SPION-CDs were investigated by studying the field-dependent magnetization curves at room temperature. nanoparticles, respectively. 15 The difference may be attributed to mesoporous carbon shell and CDs surrounding the magnetic cores. The difference between our saturation magnetization value (42 emu/g) and the 32.5 emu/g value reported by Wang et al. is related to the slight differences in the synthesis procedure. 16 Results showed no remanence and coercivity, approving the super-paramagnetic property of the nanoparticle. 
Synthesis of SPION-CDs
Briefly, 0.10 g ferrocene, as the precursor, was dissolved in 30 mL acetone. Subsequently, 5 mL of hydrogen peroxide (H 2 O 2 -30%) was slowly added to this solution while stirring for 30 min. The prepared solution was then heated in an autoclave at 200 °C for 48 h. After cooling to room temperature, the product was collected using a magnet and was washed three times with acetone. The obtained product was finally dried under vacuum overnight.
Characterization of the nanoparticles
The hydrodynamic diameter was measured at 25 Photoluminescence (PL) spectra were measured by a fluorescence spectrophotometer (Shimadzu RF5301, Japan) in the 200-700 nm wavelength range. UV-visible absorption spectra were acquired using TU-1901 UV-Vis spectrophotometer (Shimadzu, Japan). X-ray diffraction measurements were conducted by Co-Kα to investigate the sample structure (Bruker, Germany).
In vitro cytotoxicity study
To evaluate the cytotoxicity of SPION-CDs, the MTT assay was Cell viability (%) = OD sample/OD control * 100.
Conclusions
In summary, a strategy to synthesize a fluorescent/magnetic nanoparticle with appropriate magnetic and optical properties was introduced. The SPION-CDs exhibit optimal size, low toxicity and good magnetic/optical property. In the viewpoint of optical and magnetic properties, appropriate quantum yield, fluorescence stability and superparamagnetic property are comparable to other contrast agents. SPION-CDs represent a fluorescence/magnetic resonance imaging agents that may serve as a multifunctional clinical tool.
